A Gram-stain-negative, yellow, motile by gliding, filamentous bacterium, designated SR 2-06 T , was isolated from surface-sterilized root of garden cosmos. 16S rRNA gene sequence analysis indicated that SR 2-06 T was related most closely to Filimonas lacunae YT21 T of the family
T was distinguished from F. lacunae using a combination of physiological and biochemical properties. The cellular polar lipids were phosphatidylethanolamine, unknown aminophos-pholipids, unknown aminolipids, an unknown phospholipid and unidentified polar lipids. The DNA G+C content was 46.0 mol%. The phenotypic and phylogenetic evidence clearly indicates that strain SR 2-06 T represents a novel species of the genus Filimonas, for which the name Filimonas endophytica sp. nov. is proposed. The type strain is SR 2-06 T (5KCTC 42060
The genus Filimonas was proposed by Shiratori et al. (2009) as a new member of the family Chitinophagaceae. Strains belonging to Chitinophagaceae have been found in a wide variety of environments such as soil, freshwater, seawater, sediment, weathered rock, compost, sludge, air, salt mine, animals and plants. Only four species among those belonging to the family Chitinophagaceae were isolated as endophytic bacteria, namely Chitinophaga costaii (Proença et al., 2014) , Chitinophaga cymbidii , Cnuella takakiae (Zhao et al., 2014) and Taibaiella smilacinae . At the time of writing, the family Chitinophagaceae encompasses 22 genera including 73 species, among which 13 genera contain only one or two species. The genus Filimonas comprises a single species, Filimonas lacunae, which was isolated from freshwater (Shiratori et al., 2009) . F. lacunae is a Gram-stain-negative, strictly aerobic, motile without flagella and filamentous bacterium. The aim of this study was to determine the taxonomic position of an endophytic bacterial strain (SR 2-06 T ) isolated from surface-sterilized plant root by using a polyphasic characterization.
During an investigation of endophytic bacterial diversity on native plants, garden cosmos (Cosmos bipinnatus) was collected from Sintanjin, Republic of Korea (368 459 860 N 1278 409 180 E). Plant root was separated from soil, washed and sterilized as follows: tap water, 70 % ethanol for 1 min, 3 % NaOCl for 3 min, 2.5 % Na 2 S 2 O 3 for 5 min and rinsing with distilled water until the solution became clear. The surface-sterilized root was pulverized in a ceramic mortar. Serial dilutions with Winogradsky's solution (0.4 g K 2 HPO 4 , 0.13 g MgSO.7H 2 O, 0.13 g NaCl, 1.52 mg MnSO 4 .H 2 O and 0.5 g NH 4 NO 3 ) were spread on R2A agar (BD). An isolate was obtained after incubation of the inoculated plates at 30 8C for 7 days. The isolate was subcultured on R2A agar at 30 8C for 3 days, and also maintained in 20 % glycerol at 270 8C.
Genomic DNA was extracted using a commercial genomic DNA extraction kit (Solgent). The 16S rRNA gene sequence was obtained from the purified PCR product using the Macrogen service. Pairwise 16S rRNA gene sequence similarity was determined using the EzTaxon server (Kim et al., 2012) . Phylogenetic analysis was performed by using the software package MEGA version 6.0 (Tamura et al., 2013) after alignment of the 16S rRNA gene sequences with related sequences using EzEditor (Jeon et al., 2014) . A phylogenetic tree was reconstructed by using the neighbour-joining method (Saitou & Nei, 1987) and evolutionary distances were calculated using the Jukes and Cantor model (Jukes & Cantor, 1969) . Bootstrap analysis was carried out using 1000 resampled datasets, and the maximum-likelihood and maximum-parsimony algorithms were also used to test the topology of the neighbour-joining tree (Fitch, 1971; Felsenstein, 1981) .
In the neighbour-joining phylogenetic tree, strain SR 2-06 T was clustered only with F. lacunae YT21 T , and this cluster was independent from other related genera (Fig. 1) . The level of 16S rRNA gene similarity between
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Sediminibacterium salmoneum strain SR 2-06 T (1450 bp) and F. lacunae YT21 T was 96.90 %, which was below the suggested cut-off value for species distinction (Wayne et al., 1987; Kim et al., 2014a) . Levels of sequence similarity to other related species were 93.08 % or less.
Growth temperature range (4, 10, 15, 20, 25, 30, 37 and 42 8C) and salinity tolerance [0, 0.5, 1, 1.5, 2, 3, 5 and 7 % (w/v) NaCl] were determined after cultivation on R2A agar for 7 days. The pH range was examined at 1.0 pH unit intervals between pH 4.0 and 10.0 by using 1/10 diluted R2A broth containing 50 mM citrate/phosphate buffer or 50 mM Tris/HCl. Cells were incubated in the shaker, and growth was determined spectrophotometrically at OD 600 after 7 days. Growth on MaConkey agar (BD) and trypticase soy agar (TSA; BD) was determined at optimal temperature. Growth under anaerobic conditions was determined after incubating strain SR 2-06 T in a GENbag anaer kit (bioMérieux) for 7 days on R2A agar. Motility was examined by light microscopy (Olympus DP71). Colony appearance was examined after incubation for 3 days. Cell morphology was observed by using the Bio-TEM service (Tecnai G2 Sprit; FEI).
The Gram reaction was determined by the standard Gramstaining method. Catalase activity was investigated by bubble production in 3 % (v/v) hydrogen peroxide and oxidase activity was determined using 1 % (w/v) tetramethyl-pphenylendiamine. Tests for degradation of casein (5 % skimmed milk), starch, xanthine, tyrosine and DNA were evaluated after 7 days of incubation at 30 8C, as described previously (Kim et al., 2014b) . Plant-growth-promoting potentials were also tested based on production of cellulase (CMC agar), chitinase (0.1 % chitin added to R2A agar), siderophore (CAS agar) and phosphate solubilization (NBRIP, National Botanical Research Institute's phosphate growth medium). Biochemical tests were performed using the API 20NE, API 50CH and API ZYM systems (bioMérieux) and GN2 Microplates (Biolog). Antibiotic sensitivity tests were performed by using commercial discs (KisanBio, Korea).
Growth occurred at 15-30 8C (optimum, 30 8C), with 0-1.5 % (w/v) NaCl (optimum, 0 %) and at pH 5-9 (optimum, pH 6). No growth occurred on MacConkey agar and only weak growth on TSA was observed. Colonies were yellow, viscous and irregular with entire margins. Cells were filamentous (Fig. S1 , available in the online Supplementary Material), Gram-stain-negative, aerobic, motile by gliding, and oxidase-and catalase-positive. Strain SR 2-06 T was susceptible to chloramphenicol (30 mg), erythromycin (15 mg), rifampicin (30 mg), streptomycin (10 mg) and tetracycline (30 mg), but resistant to ampicillin (10 mg), gentamicin (10 mg), kanamycin (30 mg), penicillin G (10 IU) and vancomycin (30 mg). Strain SR 2-06 T was negative for the plantgrowth-promoting potentials described above. The phenotypic characteristics of strain SR 2-06 T are summarized in the species description and compared with those of F. lacunae KACC 14258 T in Table 1 . Strain SR 2-06 T and F. lacunae KACC 14258 T shared some features in common, but differed in several enzyme activities and utilization of some carbon sources.
The cellular fatty acid profiles of strain SR 2-06 T and F. lacunae KACC 14258 T were analysed using cells grown on R2A agar for 3 days at 30 8C. Fatty acids were extracted according to the Sherlock microbial identification system (MIDI) protocol and analysed by capillary GLC (Hewlett Packard 7890) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and RTSBA6 database. Respiratory quinones were extracted with chloroform/methanol, purified using Sep-Pak Vac silica cartridges and analysed by TLC as described by Collins et al. (1980) . Polar lipids were extracted from freeze-dried cells and separated by two-dimensional silica gel TLC (Merck). The first direction was developed in chloroform/methanol/water (65 : 25 : 3.8, by vol.) and the second direction in chloroform/methanol/acetic acid/ water (40 : 7.5 : 6 : 1.8, by vol.). Total lipid material and specific functional groups were detected using molybdophosphoric acid (total lipids), molybdenum blue spray reagent (phosphate), ninhydrin (free amino groups), periodate-Schiff (a-glycols) and a-naphthol reagent (sugars). DNA base compositions were determined by the thermal denaturation fluorimetic method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green 1 (Invitrogen) and a CFX Connect real-time PCR detection system (Bio-Rad).
The fatty acid profiles of strain SR 2-06 T and F. lacunae KACC 14258
T are shown in Table 2 . The predominant fatty acids of strain SR 2-06 T were iso-C 15 : 1 G (31.7 %), iso-C 15 : 0 (28.1 %), and a summed feature consisting of C 16 : 1 v6c and/or C 16 : 1 v7c (9.2 %). The fatty acid composition of SR 2-06
T was similar to that of F. lacunae KACC 14258 T , as the main components were identical, but the two strains differed in several branched fatty acids. The major respiratory quinone of strain SR 2-06 T was MK-7, which is identical to that of F. lacunae. The polar lipid profile of strain SR 2-06 T was characterized by the presence of phosphatidylethanolamine, five unknown aminophospholipids, two unknown aminolipids, one unknown phospholipid and five unidentified lipids (Fig. S2) . The DNA G+C content of strain SR 2-06 T was 46.0 mol%.
The combination of phenotypic and genotypic characteristics clearly differentiates strain SR 2-06 T from F. lacunae, and thus a novel species, Filimonas endophytica sp. nov., is proposed.
Description of Filimonas endophytica sp. nov.
Filimonas endophytica (Gr. pref. endo within; Gr. n. phyton plant; N.L. fem. adj. endophytica within plant, pertaining to the original isolation from plant tissues).
Cells are Gram-stain-negative, aerobic, motile by gliding, filamentous and 0.2-0.3|3.9-6.0 mm in size. Colonies are yellow, viscous and irregular with entire margins on R2A agar. Growth occurs at 15-37 uC (optimum, 30 uC) and at pH 6.0-9.0 (optimum, pH 6.0). NaCl is not required for growth, but it can tolerate up to 2.0 % (w/v) NaCl (optimum, 0 %). Catalase-and oxidase-positive.
Hydrolyses DNA and casein, but not CM-cellulose, xanthine or starch. Negative for siderophore production, phosphate solubilization and growth on nitrogen-free medium. In API 20NE strips, positive for arginine dihydrolase, urease and b-galactosidase activities, hydrolysis of aesculin and gelatin, and assimilation of glucose, arabinose, mannose and maltose, but negative for nitrate reduction, indole production, glucose fermentation, and assimilation of mannitol, N-acetylglucosamine, gluconate, caprate, adipate, malate, citrate and phenylacetate. In API ZYM strips, positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase activities, but negative for esterase (C4), esterase lipase (C8), lipase (C14), crystine arylamidase, a-chymotrypsin, agalactosidase, b-glucuronidase, a-mannosidase and afucosidase activities. In Biolog GN2 plates, utilizes dextrin, D-galactose, a-D-glucose, D-mannose, methyl b-Dglucoside, succinic acid monomethyl ester and L-glutamic acid. The predominant cellular fatty acids are iso-C 15 : 1 G, iso-C 15 : 0 and a summed feature consisting of C 16 : 1 v6c and/or C 16 : 1 v7c. The respiratory quinone is MK-7. In addition to phosphatidylethanolamine, the 
